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Abstract 
Since energy dispersive X-ray microanalysis cannot 
disti nguish between isotopes of the same element, 
alternative methods have to be used to get information 
simi lar to that obtained in experiments with radioactive 
tracers . In the present study , strontium was used as a 
tracer for calcium, and bromide as a tracer for chlor ide. 
Rats were injected with strontium chloride in vivo, and the 
uptake of strontium in the acinar cells of the submandibular 
gland was stud ied. Eventually a Sr/Ca ratio of 0.3 was 
reached . In some animals, secretion of mucus had been 
elicited by stimulat ion with isoproterenol 4 h prior to 
injection of strontium chloride. Exchange of calcium for 
strontium was enhanced by prior inj ection with 
isoproterenol. In a second experiment, rats were injected 
with sodium bromide, and the uptake of bromide by the 
submandibular aclnar cells was followed in time, both in 
pilocarpine-stimulated and unstimulated glands. Under the 
experimental conditions , bromide was rapidly taken up by 
the cells, and the cellular Br/Cl ratio was close to that found 
in serum. Submandibular glands take up Br somewhat faster 
than other tissues (liver, heart muscle , skeletal muscle). 
The uptake of Br in pancreatic acinar cells was studied in 
vitro . These experiments showed a 1: 1 ratio (molar) 
exchange of Cl for Br. 
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Introduction 
X-ray microanalysis allows the determinat ion of ion 
distribution at the (sub)cellular level and has therefor e 
become an important tool in the study of ion fluxes at the 
cell and tissue level. However, measurements of ion 
distribution are, in principle , static , and less suited to 
obtain information on unidirectional flu xes than the 
conventionally used isotope tracer methods for the study of 
ion transport. Since energy dispersive X-ray microanalys is 
(in contrast to other microanalytical techn iques, such as 
laser microprobe analysis) cannot distinguish between 
isotopes of the same element, alternative methods have to be 
devised. 
In the case of some ions, analogues can be used that 
are taken up by the cells in lieu of the physio logica l 
substance . This opens the possibility of using "elemental 
tracers " in X-ray microanalys is. Potassium can be replaced 
by rubidium , cesium , or thallium , and the distr ibution of 
these elements can be studied by X-ray microanalysis 
(Roomans and Seveus 1976, Edelmann 1984). Strontium 
has been used as a calcium analogue mainly in studies on 
calcifying tissues (Krefting et al. 1988) and also in muscle 
(Uhrfk and Zacharova 1988). In the present paper , 
strontium was used as a calcium analogue, and bromide as a 
chloride analogue, for study of the uptake of these elements 
in salivary gland and pancreatic acinar cells . Our interest 
for this experimental approach springs from ongoing 
studies on the role of serum calcium levels in the function of 
salivary glands (Sagul in et al. 1985, 1986; Roomans 
1986, Room ans et al. 1989) , and on the general 
exocrinopathy cystic fibrosis , where according to current 
theories, a defective (regulation of) chloride transport may 
be closely related to the basic defect (Quinton 1983, 
Knowles et al. 1983). 
Materials and Methods 
Male Sprague-Dawley rats, weighing about 160-
180 g were used in this study . In the first experiment, the 
animals were divided into two groups; one group received an 
intraperitoneal (i.p .) injection with 1 ml 120 mM SrCl2, 
the other received an i.p. injection of the B-adrenergic 
agonist isoproterenol (2.0 mg/kg body weight), 4 h prior to 
injection with SrCl2, to elicit secretion and resynthesis of 
mucus. Submandibular gland tissue was removed 1 h or 4 h, 
respectively , after injection with SrCl2 from heavily 
pentobarbital-anesthetized (30 mg/animal) animals . In the 
second experiment , the animals received an i.p. injection 
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with 4 ml isotonic (153 mM) NaBr; some animals received 
in addition an i.p. injection with the cholinergic agonist 
pilocarpine (8.0 mg/kg body weight) to elicit secretion of 
fluid. Submandibular gland tissue was removed 15, 30, or 
60 min, respectively, after injection of NaBr, from 
anesthetized animals. In addition, venous blood was taken 
from the tail vein of animals in all experiments. 
Small pieces of submandibular gland tissue were 
immediately frozen in liquid nitrogen for analysis at 
cellular level or in freon cooled with liquid nitrogen for 
analysis at ultrastructural level. In an additional 
experiment, liver, heart muscle and skeletal muscle (m. 
pectoralis major) were sampled and frozen. Thick (16 µm) 
cryosections were cut on a conventional cryostat and 
mounted on carbon specimen holders as described by 
Wroblewski et al. (1978, 1987) . After freeze-drying the 
specimens were coated with carbon. For analysis at 
ultrastructural level specimens were freeze-dried (at -80 
°C for 48 hours) and embedded in Lowicryl HM23 according 
to Wroblewski and Wroblewski (1986). The 16 µm thick 
cryosections were analyzed at 20 kV with a Tracor TN5500 
microanalysis system mounted on a JEOL 1200 EX 
TEMSCAN. The spectra were collected for 80 sec. Ultrathin 
dry cut sections of Lowicryl embedded material were 
analyzed for 120 sec at 100 kV. The serum obtained from 
venous blood was air-dried onto carbon specimen holders, 
carbon coated and analyzed with a large spot in other 
respects similar to the 16 µm thick cryosections. Elemental 
ratios (Sr/Ca and Br/Cl) were determined after least-
squares fitting of spectra. All experiments were carried out 
in triplicate and 16 cells per animal were probed. 
In the in vitro experiments small pieces of pancreas 
were removed from deeply anesthetized animals and 
incubated for 40 min in Krebs -Ringer's buffer at 37°C 
(Kuijpers and Room ans 1984). Thereafter the solution was 
exchanged for a Krebs-Ringer's buffer where NaCl was 
replaced by NaBr and the tissue was incubated for 1, 5, 1 o, 
15 and 25 min . The specimens were frozen and 
cryosectioned as described above and analyzed in a Philips 
525 scanning electron microscope equipped with a Link 
AN10000 energy dispersive detector. Quantitative analysis 
of the thick cryosections was carried out using the peak-to-
background ratio according to Roomans (1988). 
Results and Discussion 
Despite the fact that calcium in the acinar cells of the 
submandibular gland predominantly occurs bound to mucus 
(Roomans et al. 1989), already after 1 h 30 per cent of the 
cell's calcium is exchanged for strontium; this corresponds 
to an intracellular Sr/Ca ratio of 70 per cent of the serum 
Sr/Ca ratio (Fig. 1). The exchange of Ca for Sr appears to be 
enhanced by prior administration of the B-adrenergic 
agonist isoproterenol. Administration of the isoproterenol 
results in secretion of mucus, followed by resynthesis of 
intracellular mucus. The increased turnover of mucus 
makes exchange of Sr for Ca easier, and after 4 h the 
intracellular Ca/Sr ratio equals that in serum. 
Also Br appears to be taken up rapidly by the acinar 
cells (Fig. 2). Already after 15 min the intracellular Br/Cl 
concentration is close to that in serum Uptake of Br 
proceeds after 15 min but at a slow rate. Also after 
pilocarpine stimulation, Br is taken up into the acinar 
cells, although the value at 15 min after pilocarpine and Br 
administration is somewhat lower than in animals that had 
not been stimulated. It can be speculated that pilocarpine-
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Fig. 1: Exchange of Ca for Sr in acinar cells of 
submandibular gland and in serum 1 and 4 hours after 
injection with 120 mM SrCl2 (Sr). Black bars represent 
anima ls which were injected with isoproterenol (IPR) 4 
hours prior to injection with SrCl2. Thin bars denote 
standard deviations. 
Fig. 2: Exchange of Cl for Br in acinar cells of 
submandibular gland and in whole blood 15, 30 and 60 min 
after injection with NaBr alone (Br) and together with 
pilocarpine (Br + Pilocarpine). Thin bars denote standard 
deviations . 
mechanism that discriminates between Br· and c1·. Br· 
uptake in acinar cells appears somewhat faster than in other 
tissues (Fig. 3). This may be due to the fact that c1· uptake 
in submandibular gland is mediated by a Na+ - K+ - c1· 
cotransport mechanism with a high affinity for Br· ions. 
Analysis of ultrathin sections of Lowicr yl embedded 
submandibular glands re.vealed the presence of Br in the 
cytoplasm, and in the nucleus, but mainly in the secretory 
granules of the acinar cells (Fig.4). 
The in vitro experiments showed (Fig. 5) a rapid 
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Fig. 3: Exchange of Cl for Br in submandibular gland, 
liver, heart muscle, skeletal muscle and serum 1 o min 
after injection with NaBr. 
exchange of Cl for Br. The loss of Cl from the pancreatic 
cells equals the gain in Br quantitatively. This points to a 
1 :1 exchange between Cl and Br. 
These preliminary results show that, already with a 
very simple experimental approach, Cl and Ca can be 
replaced in vivo with their elemental analogues Br and Sr, 
respectively, to an extent that is easily measurable with 
energy-dispersive X-ray microanalysis. Thus the principle 
of the use of "elemental tracers" opens new perspectives in 
the application of X-ray microanalysis in studies of ion 
transport across epithelia . 
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Fig. 4: Electron micrograph (a) of a section from rat 
submandibular gland embedded in Lowicryl HM23. The rat 
was killed 15 min after injection with NaBr. The elemental 
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Fig. 5: Exchange of Cl for Br in pancreatic cells in vitro . 
Time 0 - before incubation in Krebs-Ringer's buffer . Time 
40+0 - after 40 min incubation in Krebs-Ringer's butter . 
Time 1, 5, 1 o , 15, 25 indicates time (min) of incubation 
in the modified Krebs-Ringer's solution where NaCl has 
been replaced by NaBr. Mean values of two representative 
experiments shown . 
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Discussion with Reviewers 
S.H. Ashrafi; Did warming of freeze-dried sections at room 
temperature influence the redistribution of Cl and Ca? 
Authors ; We did not analyze freeze-dried sections at low 
temperature, hence we do not know whether Cl was lost due 
to analysis at room temperature . However , we did not 
observe Cl loss during analysis at room temperature. The 
warming of the specimen block prior to sectioning does not 
affect the elemental content of the cells. 
S.H. Ashrafi: Did Sr and Br produce non-spe cific 
distribution of Ca and Cl? 
Reviewer I: Shouldn't one take the toxicity of the tracers 
into consideration? 
Authors; We did not observe changes in the distribution of 
Ca or Cl after treatment with Sr or Br, respectively . 
Although we did not study toxic effects of the short term 
exposure to Br and Sr, there seems to be no reason to 
suspect that such effects would interfere with the limited 
objectives of the present study. 
S.H. Ashrafi: Please make the comment that Lowicryl did not 
influence the data of Cl, and relocation of free ions did not 
occur during infiltration of tissue with resin? 
Authors: Lowicryl resin does not contain Cl and the freeze-
drying and embedding procedure does not cause 
redistribution of ions between compartments (Wroblewski 
and Wroblewski 1986) . 
A. Warley: Is it possible that the results show uptake of 
available elements (cations) into a secretory product that is 
being synthesized? Is Sr not excreted at all by the animal? 
Authors : The situation in the submandibular gland is fairly 
complex. Even in unstimulated animals, there is some 
secretion and new production of mucus . Part of the 
"exchange" of Ca for Sr noted is certainly due to secretion of 
"old", Ca-containing mucus from the cells and binding of Sr 
to the newly produced mucus. 
864 
A. Warley: Na and Br are shown as overlapping peaks in Fig. 
4b. Is any problem encountered in quantitation due to this 
peak overlap? 
Authors; We used the Br Ka line for quantitation. 
A. Warley; Does the use of 16 µm thick sections lead to any 
problems? Can you be sure that intracellular space is not 
included in the analysis? 
Authors; The use of 16 µm thick sections has been described 
in several papers by our group (Wroblewski et al. 1987, 
1988) and we have shown that neighbouring cells with 
different elemental contents can be distinguished. The 
analytical resolution can be estimated to about 10-12 µm. 
which is less than the cell diameter. 
A. Warley ; The total concentration of anion in Fig. 5, Cl or Cl 
plus Br (over 250 mmol/kg dry weight) appears rather 
high for pancreatic tissue, Nakagaki et al. 1984 (Eur J 
Physiol, 401, 340-345) quote values of 14 mM with 22 
% dry mass of tissue. Do you have any comments about this? 
Authors: The chloride content of pancreatic acinar cells 
increases as a result of excision and incubation. Therefore 
values obtained in vitro cannot be compared with values 
obtained in vivo. 
Reviewer I: What are the effects of heavy pentobarbital 
anaesthesia on the element distribution in the cells and 
tissues analyzed? 
Authors; The effects of heavy anaesthesia on element 
distribution is not known. However, all animals are treated 
in the same way and we have extensive control data 
(Roomans et al. 1989) collected on such animals. The 
alternative to using anesthesized animals would be to kill 
the animals before the tissue is removed. This could induce 
post-mortem changes (Roomans and Wroblewski 1985). In 
addition we have recently shown that chloride transport in 
tracheal epithelium is not inhibited by anaesthesia (Spencer 
and Roomans 1989). 
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